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Introduction
In recent years the attention of many investigators has been focused
upon the importance of boron in crop production. There is conclusive
evidence that some soils in the United States are deficient in boron and
will not produce a profitable crop yield under anv system of soil man-
agement unless this essential micronutrient element is supplied (29 ). 2
/Boron deficiencies are more widespread than deficiencies of any other
micronutrient element. Specific recommendations for the prevention and
correction of bpron deficiency in one or more crops are made in 39 of the
50 states (32). jt has been estimated that as many as 15 million acres of
cropland in the United States may have an inadequate supply of avail-
able boron in the soil and that crop yields and quality could be improved
by proper periodic applications of boronj(36).
[Boron deficiency symptoms are manifested in less spectacular ways
than are deficiencies of macro and secondary nutrient elements and with
less predictable consistency than other micronutrient element deficiencies.
Boron deficiency in crops is often unrecognized; consequently, it has been
referred to as "hidden hunger."/
The severity of boron deficiency symptoms is often associated with
liming of the soil and certain fertilizer practices (30). It has also been
observed that the external symptoms of boron deficiency and of calcium
deficiency are strikingly similar. This has led to the suggestion that the
functions of boron and calcium in the plant are intimately associated in
their general metabolic activities. There is some evidence (30) that
potassium and boron are also closely related in their effects upon plant
development, although this is not indicated by any similarity between
the external symptoms induced by deficiencies of the two elements.
Little is known, however, about the influence of the major essential
iProfessor, Assistant Professor, Assistant Professor, Department of Agronomy, Lou-
isiana State University, Baton Rouge; formerly Instructor and Graduate Student, De-
partment of Agronomy, presently Assistant County Agent, ^Richland Parish; Associate
Professor, Northeast Louisiana Agricultural Experiment Station, Winnsboro; Assistant
Professor, Dean Lee Agricultural Center, Alexandria; Associate Professor, Northeast
Louisiana Experiment Station, St. Joseph; Associate Professor and Instructor, Red
River Valley Experiment Station, Bossier City, respectively.
sltalic numbers in parentheses refer to Literature Cited, page 26.
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cations, potassium, calcium, and magnesium, upon the response of the
plant to boron when these elements are present in the nutrient sub-
strate, or in the plant, either in deficient quantities or in concentrations
in excess of those required for growth and development under optimum
conditions.
Soybeans and clover grown on certain soils of the Coastal Plains in
Louisiana have shown yield responses to applications of boron under
greenhouse conditions. In all cases, the yield responses attributed to boron
fertilization were obtained on coarse-textured soils that had received ap-
plications of fertilizer and lime. In certain instances, increased yields at-
tributed to boron fertilization have been rather large, but these responses
were noted on legume crops grown on soils in pots in the greenhouse.
Laboratory and greenhouse studies cannot be expected to indicate very
accurately what would occur in the field under actual farming conditions.
'Pie primary objectives of this investigation were: (1) to determine
the effect of boron fertilization on yield of cotton grown on soils under
field conditions at different locations within the state, (2) to determine
the level of boron in the soil and in the cotton leaves at each location,
and (3) to relate cation exchange capacity, per cent base saturation, per
cent organic matter, and dilute-acid-extractable calcium, magnesium,
potassium, and phosphorus to hot-water-ex tractable boron and the yield
of cotton.
Review of Literature
The literature on the subject of deficiency or sufficiency of boron as
related to crop production is voluminous. No attempt has been made
here to assemble an exhaustive bibliography of boron in agriculture. At-
tention has been focused more on research dealing with crops grown un-
der field conditions. The earlier papers describing water and nutrient
culture experiments are treated in less detail.
The earliest record of boron as a constitutent of plants appears to be
that of Wittstein and Apoiger (42), who in 1857 obtained boric acid from
the ash of seeds of Maesa picta, an Abyssinian plant belonging to the
order Myrsinaceae. Later investigators have shown that boron occurs in
the ash of all higher plants in small quantities, usually below 0.5 per
cent. Brown algae, on the other hand, contain a greater quantity of the
element, about 1.0 per cent of the ash (22). In the last quarter of the
nineteenth century a considerable amount of work was done on the tox-
icity of boron to plants, and an excellent compendium of this subject was
reported by Brenchley (<5).
In 1910, Agulhon (1) published results of experiments showing in-
crease in dry weight of wheat, oats, and radish grown in sand cultures
when 0.5 milligram of boron was added to a kilogram of sand. He con-
cluded that "boron is a useful element for higher plants" and included
it with manganese among the elements which he regarded as forming a
group of "catalytic fertilizers." Agulhon, however, failed to prove that
normal growth is impossible in the absence of boron, nor did he de-
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scribe symptoms by which boron deficiency might be recognized. The
first of these requirements was furnished by Maze (22) in 1915 in work
with maize, but it was left for Warington in 1923 (39) to show conclu-
sively not only that boron is a growth stimulant, but that in its absence,
members of the order Leguminosae develop constant and easily recogniz-
able symptoms of malnutrition. Such symptoms could be prevented in a
culture solution containing one part of boric acid in 12,500,000 parts of
water. Unfortunately, the nutrition of leguminous plants is somewhat
abnormal owing to the presence on their roots of nodules containing
bacteria which are capable of utilizing atmospheric nitrogen and render-
ing it available to their host plant. As a result, there was a tendency to
regard the boron requirement of the Leguminosae as another indication
of their specialized mode of nutrition, possibly connected with the main-
tenance of the normal balance between host and nodule bacteria. This
view received some support from the fact that Warington failed to obtain
satisfactory evidence of the necessity of boron for cereals and carried out
few and inconclusive field tests. In 1926, however, Sommer and Lipman
(35) published a series of photographs indicating greatly increased growth
of sunflower, cotton, barley, buckwheat, castor bean, flax, and mustard
seedlings when supplied with a trace of boron in water cultures. In 1928,
Johnston (25) and Johnston and Dore (16) indicated the essential nature
of boron for normal growth of potato and tomato, and in the following
year, McMurtrey (23) provided similar evidence in the case of tobacco.
The attention of agriculturists was first focused on the problem by
research conducted by Brandenburg in 1931 (5), which, for the first time,
demonstrated clearly that boron deficiency occurs in the field and is the
underlying cause of heart- and dry-rot in sugar beets and mangolds. The
appearance of Brandenburg's paper stimulated inquiry into the part
played by boron in the nutrition of other crops. The almost forgotten
work of Agulho'n (1) was confirmed, and in a surprisingly short time,
compounds of boron took their place in the list of accepted commercial
fertilizers.
Early investigations in the United States with boron as related to cot-
ton production were primarily concerned with incidences of boron tox-
icity rather than deficiency (9, 10, 28, 31, 33). Manure salts and low-grade
run-of-the-mine potassium salts contained boron as impurities, and Black-
well and Collings (3) reported seedling injury and decreased cotton yields
from the use of potassium material that contained 17.8 per cent borax.
Schreinir et al. (31) reported that the toxic limit of borax applied to
cotton was between eight and nine pounds per acre. Plummer and Wolf
(28) reported that, in sandy soils, cotton failed to grow in pots containing
the borax equivalent of over one pound of boron per acre, while in clay
soils marked injury was present only when the amount of boron exceeded
seven pounds per acre. In a field experiment on a silt loam soil, Skinner
and Allison (33) found that borax mixed with broadcast fertilizers was
not always injurious to cotton plants when applied at the rate of five
pounds per acre. However, it was noted that 10 pounds of borax was
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slightly injurious and the 20-pound rate was distinctly injurious. The
20-pound-per-acre application reduced the weight of green plants 15 to
35 per cent. When the boron was banded, five pounds of borax was
slightly harmful, 10 pounds was distinctly injurious, and 20 pounds caused
severe injury. When the fertilizer was applied and allowed to stand until
after a rain and before the seed were planted, the injury in each case was
less severe.
Following the earlier experiments which identified the presence of
boron in plants, and later experiments which proved its essentiality and
toxic nature, a great volume of literature has appeared dealing with the
supplies of boron in soils and irrigation waters and with diagnostic meth-
ods employed to evaluate the boron status. Kelly and Brown (17) studied
the soils and irrigation waters of southern California. Eaton (10) pub-
lished a very comprehensive report on boron in soils and irrigation
waters. He reported that boron has been found to be present in each of
some 4,000 surface and underground waters in the western portion of the
United States. In some of these waters its concentration has been suffi-
ciently high to inhibit the growth of irrigated plants and in others so
low that its presence was demonstrated only by special methods. An
extensive survey was made by Whetstone et al. (41). They pointed out
that there were four large areas in the United States where boron deficien-
cy was likely to occur. These were: the Atlantic coastal plain, the Pacific
coastal area, the Pacific Northwest, and northern Michigan, Wisconsin,
and Minnesota.
Factors Affecting the Availability of Boron
There are many factors that affect the mobilization and subsequent
solubility and availability of boron in soils. Emphasis, in this review,
will be placed only on the most important factors frequently reported to
be responsible for altering the availability of soil boron for use by
plants. A thorough review of this important subject has been compiled by
Hodgson (14).
According to Hodgson (14) and Page and Bergeraux (27), the most
prominent factors that affect the mobilization of boron are: (1) organic
matter, (2) soil reaction, (3) climate, (4) leaching and soil texture, and
(5) crop removal.
1. Organic Matter — In the southern region of the United States the
quantity of available boron in surface soil ranges from 0.02 to 2.5 parts
per million, and apparently most of it is held in the organic fraction
(27). In acid soils, available boron increases directly with the organic mat-
ter content. Available soil boron and the absorption of boron by plants
has been reported to be more closely correlated with soil organic matter
than with either soil texture or pH (18).
2. Soil Reaction — Soil reaction (pH) is one of the most important
factors influencing boron availability. Several investigators (24, 26, 43)
have reported that liming acid soils decreases the solubility of boron and
causes boron deficiency. This decrease in the availability of boron was
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formerly thought to be due to the stimulation of microbial activity in
soils, thus causing a temporary fixation of boron in the cells of micro-
organisms. However, recently Hatcher et al. (13) postulated that lime-
induced boron deficiency in plants is caused by decreases in the boron
concentration of the soil solution resulting from additional adsorption
by the Al(OH) 3 that precipitates when a soil is limed. These workers also
reported that the amount of surface area over which the hydroxy-alumi-
num is spread is an important factor in boron adsorption.
3. Climate — Variations in boron uptake by plants are often more
striking from year to year or within a season than from season to season
(14). Outbreaks of boron deficiency are commonly associated with dry
soil conditions and often the deficiency symptoms tend to disappear as
soon as the surface soil layers are moistened (27). The lack of sufficient
boron in dry periods may be due to a reduction in the release of boron
from surface and subsurface soil layers.
4. Leaching and Soil Texture — In the southern region of the
United States, loss of boron by leaching on certain soils may be one of the
major factors contributing to boron deficiency (14, 27). Many of the soils
are acid, low in organic matter, and subjected to leaching rains. The
amount of boron leached is largely determined by soil texture (19, 27).
Boron is more readily leached from sandy soils than from the finer-tex-
tured clay or silt soils (19). It should be pointed out, however, that sandy
soils release boron more rapidly to plants, and consequently require less
soluble boron than do finer-textured soils to support and maintain normal
plant growth.
5. Crop Removal — Boron availability is also influenced by crop re-
moval. Even though the quantity removed under most cropping condi-
tions may not be large, boron deficiency is more likely to occur in highly-
fertilized, fast-growing crops in which most of the above-ground portion
is harvested.
Functions of Boron in Plants
More research has been reported on the relationship of boron to the
reproductive processes of plants and the germination of pollen than on
any other proposed function of the element (27). Boron accumulates in
the pistil, and poor germination is common when the boron content is
low. Boron has been found to be essential for normal germination of
pollen grains and growth of pollen tubes. Frequently, increased yields
resulting from applications of boron are associated with an increased set
of both flowers and fruit.
Boron is considered essential for normal cell division. It has been
suggested that boron plays a role in protein formation since, with a de-
ficiency, both carbohydrates and nitrogen compounds accumulate while
the young growing tips die (37).
Gauch and Dugger (11) proposed a theory that would tie together
many different functions now assigned to boron. They suggested that
boron in the cell membranes forms a temporary compound with carbo-
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hydrates which allows the carbohydrates to move rapidly through the
plant. Thus, boron deficiency symptoms are considered to be expressions
of carbohydrate deficiency. In support of this theory, boron deficiency
occurs in the growing tip, conductive tissue, and roots, all of which are
regions of rapid growth.
Boron is also associated with water relations within plants and in the
production and translocation of plant hormones (14).
Symptoms of Boron Deficiency and Toxicity in Cotton Plants
I Cotton plants require a small but continuous supply of soluble boron
for normal growth and reproduction. Since boron is not mobile once it
has been absorbed by the plant, it is not translocated from old to new
tissue. Thus, visual symptoms of boron deficiency are usually associated
with either new growth, conductive tissue, or fruiting forms.^
Cotton plants may only exhibit visual deficiency, symptoms in the re-
productive organs. In such cases, flowers may vary from only a slight
malformation to not being formed at all, or they may shed prematurely
(9, 19, 25, 27). Seed may not set due to infertility of the ovary or failure
ofjhe pollen to germinate. Frequently the developing fruit drops early.
|
Page and Bergeraux (27) stated that under field conditions visual
symptoms of boron deficiency seldom develop on the foliage. These work-
ers reported that the first symptoms of boron deficiency in the cotton
plants was an excessive shedding of flower buds and young bolls. Shed-
ding due to boron deficiency can be distinguished from boll weevil dam-
age by examination. Shedding due to boron deficiency was most prevalent
during dry yearsij
\ln more severe cases of boron deficiency, the internodes are shorter,
and the terminal bud may die, producing a short bushy plant with ex-
cessive branching. The younger leaves are yellowish-green in color and
are often distorted if the deficiency is severe (9),
Another visual symptom which is associated with a deficiency of boron
is "banded petioles" (25). Leaf petioles of cotton plants growing on soils
containing inadequate amounts of soluble boron develop concentric
dark-colored rings, and this malady has been observed when the plants
are blooming. Nitrogen, and to a lesser degree potassium, fertilization
has been reported to be associated with this condition since more band-
ing frequently occurs on petioles of cotton plants receiving higher
amounts of these two macronutrient elements.
The injury produced by excessive amounts of soluble boron, as con-
trasted with the injury produced by other substances, is distinctive in
its effect upon plant foliage. The typical symptoms associated with ex-
cessive and toxic amounts of boron are striking, and in many cases they
are clearly distinguishable from those normal to maturation. Since there
is a tendency for cotton plants to concentrate boron in their leaves, these
organs are typically the first to exhibit its injurious effects. When boron
is present in the soil in excessive amounts, the apical margins of the
leaves of cotton plants first turn yellow; the yellowing then extends be-
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tween the lateral veins toward the midveins. The chlorophyll in the tis-
sue at the center and base of the leaves and adjacent to the veins is
usually retained until the leaves have dropped from the plant. Areas of
dead tissue develop as yellowing progresses. These dead areas may coa-
lesce near the periphery of the leaf (10).
Maples (21) reported that the symptoms of boron toxicity in cotton
were delayed emergence and growth, chlorosis, marginal leaf burn, down-
ward cupping of leaves, shedding of damaged leaves, and death of some
plants.
Experimental Procedures
The research reported here was conducted during a five-year period,
1963-1967. Fifty-nine field experiments with boron on cotton were con-
ducted at 49 locations in Louisiana. The experiments were located on
soils in the major cotton-producing areas of the state. The soil type,
location, cooperator, and year of the experiments are presented in Table
1. For the purpose of identification and convenience in reporting, each
soil and location was arbitrarily assigned a number from 1 to 49.
The experimental design at each of the 49 locations was a paired
comparison with two treatments: boron, and no boron. With the excep-
tion of the experiments conducted in 1963, ten replications of each boron
treatment were used. In 1963, six replications of each of the two boron
treatments were used. Each plot consisted of four rows which were 40
inches wide and 50 feet long. On the plots that received boron, all four
rows were treated. In order to minimize the possibility of border effect,
the two center rows of each plot were harvested for yield measurements.
, Boron was applied at a rate of one pound per acre. Sodium tetrabo-
rate, Na2B40 7«0.4 H 20, containing 20.5 per cent boron served as the
source of the element. The material was placed in two bands, one on
each side of the row shortly after the cotton was up to a stand. The
boron material was dissolved in water and applied in an aqueous solu-
tion by means of a gravity flow applicator. Care was taken to avoid ap-
plying the boron material on the cotton seedlings.
Prior to the initiation of the field experiments, surface and subsoil
samples were collected from the 49 experimental locations. To eliminate
contamination with boron and other plant nutrient elements, all soil
samples were collected and stored in 18-ounce Nasco polyethylene bags.
Extractable phosphorus, potassium, calcium, magnesium, hot-water-
soluble boron, and soil reaction (pH) were determined on all surface
samples. The content of hot-water-soluble boron was determined at vary-
ing depths on certain soils. Phosphorus was determined by extracting the
soil with 0.10 normal hydrochloric acid containing 0.03 normal am-
monium fluoride at a soil to extracting solution ratio of 1:20. After a
e^k5r developed upon the addition of a solution of sulphuric acid-am-
monium molybdate and stannous chloride, the concentration of phos-
phorus was measured by means of a Bausch and Lomb spectrophotom-
eter. The soil cations potassium, calcium, and magnesium were deter-
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TABLE 1.—Soil types and locations of field experiments with boron on cotton con-
ducted in Louisiana (1963-1967)
Experiment Soil Location
n nm hpr type 1 (parish) Cooperator2 Year(s)
— Coastal Plain Soils — — — — — — —
l Iuka si Caldwell TAT Z"1 « 4- n„W. G. Gates 1963
2 Iuka vfsl V^altl Well rL. rUCKett 1963
3 Mantachie fsl IjdLdllUUld C. E. Myers, Jr. 1965
4 Iuka vfsl Catahoula T F Kirhv 1964
5 Shubuta si .LUllA-flll Lamar Colvin 1965
6 Gilead si JL.111C01I1 Lamar Colvin 1966
7 Ochlockonee si Ouachita Travis Howard 1963
- Mississippi Terrace Soils — — — - — -
8 Pa tnn fvillp ci 1A U ! ' ' M 1 V J 1 K, oil Acadia W. B. Matte 63-64
9 V-/11V1C1 oil E. Baton Rouge Perkins Rd. Exp. Sta. 1963
10 Loring vfsl Franklin Ray Bryan 1964
11 T nnrnr silx L
1
1; oil Franklin M. E. McKee 1963
12 Olivier sil Franklin Macon Ridge Exp. Sta. 63-67
13 Calhoun sil Morehouse Tonzie McCowan 1963
14 Calhoun sil Richland A. L. Dunn 1963
15 Olivier sil Richland C. L. Morris 1964
16 Loring sil St. Landry Leo Rabalais 1964
17 Olivier sil West Carroll Edward Philley 1964
18 Olivier sil West Carroll Don Major 1963
Alluvial Soils of the Ouachita River and Distributaries
- — — — of the Arkansas River — — — —
19 Gallion vfsl Caldwell Aussie B. Grigg 19b4
20 Gallion vfsl Caldwell Rowland Brothers 1964
21 Hebert sil Caldwell U. M. Youngblood 1964
22 Hebert sil Caldwell B. F. Bauman 1964
23 Perry lfs Catahoula J. D. Alexander, Jr. 1965
24 Hebert vfsl Catahoula A. L. Huff 1966
25 Hebert vfsl Morehouse Duke Barr 1964
26 Hebert vfsl Morehouse Melvin Bolin 1964
27 Pulaski vfsl Morehouse George Sawyer 1966
28 Gallion vfsl Morehouse W. H. Dillon 1963
29 Gallion vfsl Ouachita W. A. Calloway & Son 1964
30 Hebert vfsl Richland Hollis Venable 1964
Mississippi River Alluvial Soils — — — — -
31 Dundee sil Catahoula W. H, Beasley 1964
32 Dundee sil Concordia Sam H. Calvert 1966
33 Commerce sil Madison Bobby Joe Lee 1966
34 Commerce sil Tensas N. E. La. Exp. Sta. 66-67
(Continued)
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TABLE 1 (Continued).—Soil types and locations of field experiments with boron on
cotton conducted in Louisiana (1963-1967)
Experiment Soil Location
number type1 (parish) Cooperator2 Year(s)
- Alluvial Soils of the Red River — — — — —
35 Yahola sil Avoyelles Burton Bordelon 1964
36 Yahola vfsl Bossier R. R. Valley Exp. Sta. 64-66
37 Norwood sil Bossier Rowe Viola 1964
38 Yahola vfsl Caddo Gordon Vanhoose, Jr. 1964
39 Yahola sil Caddo Dan Logan 1964
40 Gallion si Grant Winn Gatlin 1964
41 Gallion si Grant Ben Littlepage 1964
42 Yahola vfsl Grant W. M. Racine 1964
43 Yahola fsl Natchitoches Adrian Land 1964
44 Yahola vfsl Natchitoches Deloy Blewer 1964
45 Yahola vfsl Rapides L. A. Marien 1964
46 Norwood sil Rapides Dean Lee Ag. Center 64-66
47 Pulaski vfsl Red River T. C. Blount 1964
48 Miller vfsl Red River Larry Bundrick 1964
49 Yahola vfsl Red River Ed Lester 1964
iThe soils were classified by S. A. Lytle, Associate Agronomist, Louisiana Agricul-
tural Experiment Station.
2The cooperators were selected by Cooperative Extension Service personnel in each
of the parishes.
mined by extracting the soil with 0.10 normal hydrochloric acid and
a soil to solution ratio of 1:20. The contents of potassium and calcium
in the soil were determined on the extract on a flame spectrophotometer.
The concentration of magnesium in the extract was determined on the
atomic absorption spectrophotometer. Hot-water-soluble boron in the
soils was determined by the curcumin method as described by Dible,
Truog, and Berger (8). Soil reaction (pH) was measured by using a pH-
meter and a slurry of soil and distilled water at a ratio of approximately
1:1.
The cation exchange capacity, the exchangeable cations, and the or-
ganic matter content of the surface soils were also determined at each
experimental location. A method reported by Chapman and Pratt (7)
involving the use of ammonium acetate adjusted to pH 7.0 was used to
measure the cation exchange capacity of the calcareous and non-calcare-
ous soils. Ammonium acetate was also used to determine the exchange-
able soil cations with the exception of calcium in the alluvial soils of the
Red River. Since some of the Red River soils are calcareous, an alcoholic
solution of potassium chloride was employed to determine the exchange-
able calcium in these soils (7).
The organic matter content of the surface soils was determined by the
chromic acid method developed by Walkley and Black (38). The chromic
acid method based on spontaneous heating by dilution of sulphuric acid
11
afforded the advantage of differentiating between soil humus and extra-
neous sources of organic carbon.
Cotton leaves from each plot at the 49 experimental locations were
sampled when the plants were in the early bloom stage of growth. The
first mature leaf from the top of the plant was selected for the chemical
analysis. Ten leaves from cotton plants growing on each plot were taken
at random. The leaves collected from the ten replications for each of
the two boron treatments were composited. The cotton leaf tissue was
placed in cloth bags and dried in a forced draft oven at 70C. After dry-
ing for 24 hours, the cotton leaves were ground in a Wiley mill to pass
a 20-mesh sieve and stored in four-ounce wide-mouth specimen bottles.
The concentration of boron in the leaves was determined by the curcu-
min method reported by Dible, Truog, and Berger (8).
Statistical Analysis
The methods used in the statistical analysis are described and illu-
strated by LeClerg, Leonard, and Clark (20) and Snedecor (34). "Stu-
dents" method of paired comparison was employed to calculate the stand-
ard error of the mean difference and the "t" test for significance of the
yield data to determine the response of cotton to boron fertilization.
Simple correlation coefficients were calculated to relate certain chemical
properties of the cotton plants with the soils used in the investigations.
TABLE 2.—Chemical properties of the surface soils
Experiment Soil Extractable1
Water
soluble Organic
number type P K Ca Mg B matter pH
(parts per million) (per cent)
— Coastal Plain Soils — — — — — — —
Iuka si 43 90 363 129 0.16 0.84 5.2
2 Iuka vfsl 40 78 861 165 0.26 0.97 6.3
3 Mantachie fsl 105 83 700 170 0.16 0.86 5.5
4 Iuka vfsl 112 126 1270 165 0.18 0.59 6.6
5 Shubuta si 76 85 340 65 0.16 0.84 6.2
6 Gilead si 50 100 430 35 0.19 0.39 5.8
7 Ochlockonee si 89 78 816 217 0.31 0.58 7.1
— Mississippi Terrace Soils - -
8 Patoutville sil 42 69 816 143 0.20 0.67 6.6
9 Olivier sil 38 66 762 208 0.37 0.97 5.9
10 Loring vfsl 49 126 544 156 0.31 0.75 5.9
11 Loring sil 66 66 544 156 0.17 0.99 5.6
12 Olivier sil 48 104 397 140 0.17 1.16 5.4
13 Calhoun sil 43 114 1678 217 0.22 1.08 6.3
14 Calhoun sil 89 78 816 217 0.12 0.58 5.2
15 Olivier sil 52 102 771 208 0.28 0.70 6.4
16 Loring sil 72 102 907 103 0.34 0.88 6.4
17 Olivier sil 43 78 816 285 0.25 0.77 6.1
18 Olivier sil 57 102 861 199 0.14 0.89 5.7
(Continued)
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TABLE 2 (Continued).—Chemical properties of the surface soils
Experiment Soil Extractablei
Water
soluble Organic
number type P K Ca Mg B matter pH
(parts per million) (per cent)
Alluvial Soils of the Ouachita River and Distributaries
— — — — — of the Arkansas River — — — — —
19 Gallion vfsl 152 180 453 165 0.21 0.79 5.8
20 Gallion vfsl 123 210 499 133 0.28 0.66 5.6
21 Hebert sil 149 204 952 235 0.31 0.89 6.0
22 Hebert sil 69 108 1134 320 0.37 1.00 5.9
23 Perry lfs 134 135 600 186 0.12 1.28 5.4
24 Hebert vfsl 33 125 760 212 0.18 0.95 6.3
25 Hebert vfsl 72 100 800 118 0.15 0.67 6.5
26 Hebert vfsl 78 96 816 208 0.19 0.59 6.3
27 Pulaski vfsl 86 125 640 199 0.19 0.90 6.5
28 Gallion vfsl 80 210 771 97 0.25 1.16 5.9
29 Gallion vfsl 268 324 816 235 0.42 0.94 6.1
30 Hebert vfsl 180 150 725 251 0.28 0.68 6.1
— — — — — — Mississippi River Alluvial Soils
31 Dundee sil 139 66 1179 312
32 Dundee sil 141 176 2030 356
33 Commerce sil 191 125 1860 417
34 Commerce sil 220 140 1280 326
— — — — — — Alluvial Soils of the Red River
35 Yahola sil 221 150 3834 1280 0.45 1.22 7.3
36 Yahola vfsl 137 114 1043 364 0.30 0.56 7.1
37 Norwood sil 192 246 9066 1990 0.56 0.96 7.6
38 Yahola vfsl 149 114 8024 1280 0.49 0.69 7.8
39 Yahola sil 160 138 3854 1074 0.53 0.70 7.5
40 Gallion si 134 150 544 118 0.23 0.55 5.7
41 Gallion si 80 90 408 118 0.28 0.55 5.4
42 Yahola vfsl 103 84 1134 381 0.41 0.65 6.3
43 Yahola fsl 215 168 997 245 0.39 0.59 5.7
44 Yahola vfsl 157 120 3990 826 0.46 0.48 7.5
45 Yahola vfsl 149 78 1859 409 0.48 1.35 7.3
46 Norwood sil 172 96 8841 1500 0.60 0.85 7.6
47 Pulaski vfsl 143 114 680 156 0.33 0.74 5.1
48 Miller vfsl 156 138 4353 912 0.46 0.65 7.4
49 Yahola vfsl 149 126 1224 303 0.48 0.66 6.4
iPhosphorus was extracted with 0.1 normal hydrochloric acid containing 0.03 nor-
mal ammonium fluoride at a soil to extracting solution ratio of 1:20. Potassium, cal-
cium, and magnesium were extracted with 0.1 normal hydrochloric acid at a soil to
extracting solution ratio of 1:20.
0.28 0.78 6.3
0.42 1.17 6.2
0.45 1.08 6.2
0.41 1.29 6.0
Results and Discussion
Chemical properties of the surface soils used in the boron investiga-
tions are presented in Table 2. The phosphorus and potassium statuses of
the soils were considered to be adequate for determining the effect of
applied boron on the yield of cotton.
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The boron content of the soils varied from 0.12 ppm on Perry loamy
fine sand located in Catahoula Parish to 0.60 ppm on Norwood silt loam
in Rapides Parish. The boron contents of the Coastal Plain soils and al-
luvial soils of the Ouachita River and distributaries of the Arkansas
River were considerably lower than the boron contents of the Mississippi
Terrace soils and the alluvial soils of the Mississippi and Red rivers.
The alluvial soils of the Red River contained the highest contents of
water-soluble boron. The organic matter content of most of the soils was
found to be very low. The low organic matter content of some of the
soils may have been due to continuous cropping for many years. The pH
of the soils ranged from 5.2 to 7.5. Sixty per cent of the alluvial soils of
the Red River were alkaline in reaction.
The exchangeable cations potassium, sodium, calcium, and magnesi-
um, the cation exchange capacity, and the per cent base saturation of the
surface soils used in the boron investigations are presented in Table 3.
The cation exchange capacity of the soils varied from 3.98 me. per 100
grams for Gilead sandy loam in Lincoln Parish to 22.79 me. per 100
grams for Commerce silt loam in Madison Parish. The cation exchange
capacities of the Coastal Plain soils were lower than those of the other
soils included in the investigations. However, there was a considerable
amount of variation within each of the five different soil areas. There was
TABLE 3.—Exchangeable cations, cation exchange capacity, and per cent base satura-
tion of surface soils
Cation Base
Experiment Soil Exchangeable cations exchange satu-
number type K Na Ca Mg capacity ration
(me./lOOgms) (per cent)
1 Iuka si 0.21 0.16 1.90 .79 7.16 42.7
2 Iuka vfsl 0.18 0.22 4.21 1.08 8.76 65.0
3 Mantachie fsl 0.36 0.13 3.42 1.51 6.97 77.8
4 Iuka vfsl 0.27 0.16 3.95 .98 7.16 88.8
5 Shubuta si 0.20 0.13 1.88 .45 4.98 53.4
6 Gilead si 0.14 0.12 3.05 .16 3.98 87.2
7 Ochlockonee si 0.18 0.11 2.87 82 4.78 83.3
- Mississippi Terrace Soils —
8 Patoutville sil 0.22 0.18 3.69 1.14 7.71 67.7
9 Olivier sil 0.20 0.37 4.54 1.85 11.34 61.4
10 Loring vfsl 0.36 0.11 2.58 .80 7.96 48.4
11 Loring sil 0.43 0.19 3.28 1.20 9.55 53.4
12 Olivier sil 0.30 0.28 2.85 1.00 10.15 43.6
13 Calhoun sil 0.29 0.17 6.59 1.49 11.64 75.1
14 Calhoun sil 0.19 0.26 2.39 .91 12.34 30.4
15 Olivier sil 0.28 0.13 4.81 1.41 12.14 54.6
16 Loring sil 0.28 0.11 4.69 58 9.95 56.9
17 Olivier sil 0.25 0.16 4.47 2.20 14.93 47.4
18 Olivier sil 0.27 0.25 3.66 1.25 11.14 48.7
(Continued)
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TABLE 3 (Continued). Exchangeable cations, cation exchange capacity, and per cent
base saturation of surface soils
Experiment
number
Soil
type
Exchangeable cations
Na Ca Mg
Cation
exchange
capacity
Base
satu-
ration
(me./ 100 gms)
Alluvial Soils of the Ouachita River and Distributaries
(per cent)
- — of the Arkansas River —
19 Gallion vfsl 0.43 0.12 2.42 1.02 6.37 62.6
20 Gallion vfsl 0.48 0.12 2.59 .71 5.77 67.6
9141 Hebert sil rt AQ 0.16 4.23 l.UO / .yo
2244 JTLCUCi L all n 9ft 0.19 4.68 9 334-3 0 1 3 33lO.DO f^Fi 1OvJ.l
AJ rcny lis n 9ftu.40 0.11 2.98 7 Qfi/ .yo 0O.4
24 jncuci i vim n 4.9 0.15 3.80 1.10 7 nfi/ .uo 7ft 3/ 0.0
25 Hebert vfsl 0.22 0.11 2.88 .68 5.47 71.1
26 Hebert vfsl 0.21 0.23 3.45 .76 5.97 77.9
27 Pulaski vfsl 0.38 0.12 2.65 .99 6.57 63.2
28 Gallion vfsl 0.49 0.19 3.76 .49 10.75 45.9
29 Gallion vfsl 0.67 0.18 3.76 1.40 8.76 68.6
30 Hebert vfsl 0.37 0.28 3.20 1.13 7.26 68.6
Mississippi River Alluvial Soils
0 I Dundee sil 0.18 0.19 4.83 1 7Q1 ./ V Q 7Kv.l O 71 7/ 1 . /
39OA Dundee sil 0.58 0.13 11.55 9 Kft4.00 90 QO 71 0
33 f ' /"\TT"| TY1 £*TTf*£* Cll\_jUiiiinci lc all 0.43 0.19 11.73 3 Q7 22 7Q44./ v 71 fi
34Us: I f \ r > 1 \SS PTTP Cll\_iL»llllllcl LC all 0.37 0.13 7.85 9 fifi 14.13 77 Q
Alluvial Soils of the Red River
35 Yahola sil 0.46 0.12 11.45 3.71 20.10 78.3
36 Yahola vfsl 0.30 0.13 4.61 2.14 8.56 75.1
37 Norwood sil 0.49 0.16 6.37 1.28 9.65 86.0
38 Yahola vfsl 0.27 0.20 7.54 1.08 11.74 77.4
39 Yahola sil 0.31 0.13 5.85 1.38 9.75 78.7
40 Gallion si 0.33 0.10 1.98 .74 5.37 58.7
41 Gallion si 0.21 0.10 2.24 .78 5.57 59.8
42 Yahola vfsl 0.29 0.37 4.33 2.66 11.14 66.5
43 Yahola fsl 0.40 0.11 4.03 1.56 8.36 73.0
44 Yahola vfsl 0.28 0.16 5.13 1.37 7.16 96.9
45 Yahola vfsl 0.23 0.13 4.47 2.15 9.55 73.1
46 Norwood sil 0.33 0.16 6.59 3.05 12.42 81.5
47 Pulaski vfsl 0.34 0.10 3.46 1.07 8.96 55.5
48 Miller vfsl 0.30 0.10 5.55 1.10 8.56 82.4
49 Yahola vfsl 0.33 0.11 5.07 2.15 10.15 75.5
less variation in the cation exchange capacity of the Mississippi Terrace
soils than in the other soils studied.
The per cent base saturation of the soils varied from 42.7 per cent for
Iuka sandy loam in Caldwell Parish to 96.9 per cent for the Yahola very
fine sandy loam in Natchitoches Parish. The alluvial soils of the Red and
Mississippi rivers contained higher amounts of exchangeable cations and
had a higher percentage of base saturation than did the soils comprising
the other soil areas.
The effects of applied boron on the yield of cotton and the boron con-
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TABLE 4.—The effect of applied boron on the yield of cotton and the boron content
of cotton leaves
Boron content
Pounds of seed cotton/ acre of cotton leaves*
Increase ppm
Experiment Soil No or No Per cent
number type boron Boron decrease boron Boron increase
Coastal Plain Soils
1 Iuka si 2200 2172 - 28
2 Iuka vfsl 2240 2293 53
3 Mantachie fsl 1562 1603 41 26.0 26.6 2.3
4 Iuka vfsl 2391 2261 -130 20.1 33.6 67.2
5 Shubuta si 1415 1732 317 16.5 22.8 38.2
6 Gilead si 1484 1641 157*
7 Ochlockonee si 1798 1791 - 7
Mississippi Terrace Soils
8 Patoutville sil 2248 2192 - 56 41.7 43.2 3.6
9 Olivier sil 1678 1607 - 71
10 Loring vfsl 2009 1998 — 11 33.6 43.5 29.5
11 Loring sil 2849 2910 61 22.7 34.0 49.8
12 Olivier sil 1356 1324 - 32 21.5 29.5 37.2
13 Calhoun sil 1991 1829 -162
14 Calhoun sil 1575 1627 52
15 Olivier sil 1305 1299 - 6 17.8 26.0 46.1
16 Loring sil 2123 2048 - 75 35.3 51.4 45.6
17 Olivier sil 1106 1112 6 19.0 27.0 42.1
18 Olivier sil 1445 1430 - 15
Alluvial Soils of the Ouachita River and Distributaries
— — of the Arkansas River —
19 Gallion vfsl 2342 2327 _ 15 30.8 49.8 61.7
20 Gallion vfsl 4650 4394 -256 36.0 47.5 31.9
21 Hebert sil 2855 2854 — 1 31.2 40.3 29.2
22 Hebert sil 2009 2079 70 36.4 45.0 23.6
23 Perry lfs 2553 2773 220 25.1 31.4 25.1
24 Hebert vfsl 2884 2896 12
25 Hebert vfsl 2074 2112 38
26 Hebert vfsl 174 900 726** 7.2 21.0 191.7
27 Pulaski vfsl 1534 1885 351**
28 Gallion vfsl 2574 2792 218
29 Gallion vfsl 2087 1976 — 111 35.5 42.9 20.8
30 Hebert vfsl 3736 3920 184 29.6 41.4 39.9
Mississippi River Alluvial Soils
31 Dundee sil 2384 2107 -277 26.4 31.7 20.1
32 Dundee sil 2350 2283 _ 67
33 Commerce sil 2674 2533 — 141
34 Commerce sil 2928 2890 _ 38
(Continued)
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TABLE 4 (Continued).-The effect of applied boron on the yield of cotton and the
boron content of cotton leaves
Boron content
Pounds of seed cotton/acre of cotton leavesi
Increase ppm
No or No Percent
boron Boron decrease boron Boron increase
Alluvial Soils of the Red River
35 Yahola sil 2120 2010 no 45.7 46.9 2 fi
36 Yahola vfsl 1775 1827 52 57.2 68.2 19.2
37 Norwood sil 1062 1005 - 57 71.3 76.5 7.3
38 Yahola vfsl 2169 2256 87 575 61.7 7.1
39 Yahola sil 1505 1495 - 10 74.2 87.1 17.4
40 Gallion si 1432 1470 38 75.2 93.4 24.2
41 Gallion si 1058 1013 - 45 45.6 55.5 21.7
42 Yahola vfsl 2699 2659 - 40 71.9 80.5 12.0
43 Yahola fsl 1771 1686 — 85 64.6 73.8 14.2
44 Yahola vfsl 1938 1734 -204 40.6 46.6 14.8
45 Yahola vfsl 2053 1955 - 98 59.4 69.6 17.2
46 Norwood sil 2916 2693 -223
47 Pulaski vfsl 757 768 + 11 76.9 103.3 34.0
48 Miller vfsl 1504 1524 20 65.0 67.7 4.2
49 Yahola vfsl 1275 1303 28 111.4 117.5 5.5
Differences in yield were significant at the 5% level of probability.
**Differences in yield were significant at the 1% level of probability.
iTop-mature leaves were selected at the early-bloom stage of growth.
Experiment Soil
number type
tent of top-mature cotton leaves are presented in Table 4.
There was a significant yield response to boron at three of the 49
experiment locations. The application of one pound of boron per acre
resulted in significant increases in the yield of cotton grown on Gilead
sandy loam in Lincoln Parish, experiment number 6, and on Hebert very
fine sandy loam, experiment number 26, and Pulaski very fine sanely
loam, experiment number 27, in Morehouse Parish. The hot-water-sol-
uble boron content of the Gilead, Hebert, and Pulaski surface soils was
0.19 ppm. This is in agreement with research conducted by Ouellette and
LaChance and reported by Bradford (4) in which boron deficiency oc-
curred mainly on light sandy soils averaging 0.34 pound of hot-water-
soluble boron per acre. The largest increase in yield, 726 pounds of seed
cotton per acre, resulting from the application of boron occurred on the
Hebert soil in Morehouse Parish. The largest increase in the boron con-
tent of cotton leaves resulting from the application of boron also oc-
curred on the Hebert soil.
The largest increase in yield resulting from the application of boron
on Coastal Plain soils occurred on Shubuta sandy loam, experiment
number 5. This increase of 317 pounds of seed cotton per acre was not
statistically significant, probably because of a wide variation in the stand
of cotton on the plots. However, the beneficial effect of boron on plant
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growth was very apparent on July 22 when leaf samples were taken for
chemical analysis. Top-mature leaves and petioles on the cotton plants
that had received added boron were larger and had a darker green color
than those on the check plots.
In experiment number 26, in Morehouse Parish, differences in plant
growth resulting from the application of boron were apparent in each of
the ten replications, from one month prior to harvest until the cotton
was harvested on October 19. Leaves of plants growing on soil that did
not receive boron appeared to be wilted. No harmful plant parasitic
nematodes were present in the soil. Also, where boron was not applied,
mature leaves at the top of the stalk developed a purple discoloration and
there was a tendency for leaves to curl upward at their base. Small im-
mature bolls that failed to open were characteristic of plants that had
not received boron.
f Lancaster et al. (19) 'reported that cotton plants growing on soils that
did not receive boron produced bolls that were small and failed to open
properly, and that many rotted before opening!. Although leaves and
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bolls appeared to be normal on cotton plants 'grown on boron-treated
soil in experiment number 26 in Morehouse Parish, a heavy boll set was
not obtained, since an average of only 900 pounds of seed cotton per
acre was produced, as compared with an average of 174 pounds on un-
treated plots. It was apparent during the growing season that inadequate
available soil moisture was limiting the growth of the cotton plants. An
examination of the soil and the root system of cotton plants growing on
the Hebert soil indicated that a hard pan or plow sole at a depth of
approximately six inches from the soil surface may have prevented the
plants from obtaining water . and plant nutrients necessary for normal
growth. The limited supply of moisture was partially responsible for low
yields of cotton, irrespective of boron treatment. Under moderate to
severe stages of boron deficiency, various leaf abnormalities such as
curling, wrinkling, and wilting of plants in general have been reported
^by Bradford (4). The cotton leaf-petiole abnormality termed "banded
(petioles," described and noted by Lancaster et al. (19) and Miley (25)
land associated by these workers with inadequate amounts of soluble
i boron in the soil, was not observed in experiments conducted on the
Hebert and Pulaski soils in Morehouse Parish or on Gilead soil in Lin-
coln Parish.
The boron content of the tissue of different parts of cotton plants
growing on Hebert very fine sandy loam, as affected by boron fertiliza-
tion is presented in Table 5. The application of boron increased the
boron content of all plant parts. A relatively large increase in the boron
content of top-mature leaves resulted from the application of boron. An
increase of approximately 14 ppm, or 191.7 per cent, of boron in top-
mature leaf tissue was attributed to the boron application.
The data suggest that plant tissue analyses used in conjunction with
soil analyses can be employed as diagnostic criteria for determining boron
deficiency. The critical concentration of boron in cotton leaves, below
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TOP PICTURE: Leaf colorations attributed to boron deficiency. BOTTOM PICTURE:
Immature cotton bolls that failed to open because of lack of boron.
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which a response to boron would be expected, appeared to be about 15
ppm. Eaton, as reported by Bradford (4), demonstrated that cotton leaves
containing 16.0 ppm of boron exhibited boron deficiency symptoms. The
cotton plants were grown by Eaton in sand culture and the leaves were
sampled in November.
The relationships between hot-water-extractable soil boron, the boron
content of cotton leaves, and certain chemical properties of the soils
are presented in Table 6.
TABLE 5—Effect of applied boron on the content of boron in the tissue of different
parts of cotton plants growing on Hebert very fine sandy loam, Morehouse Parish,
1964
Part of plants No boron Borons Increase
ppm ppm %
Top-mature leaves 7.2 21.0 191.7
Top-mature petioles 10.2 21.7 112.7
All leaves 8.4 16.2 92.9
All petioles 7.4 19.2 159.5
Secondary stems 9.4 14.1 50.0
Main stems 5.9 9.0 52.5
Roots 7.3 11.0 50.7
Fruiting forms3 4.4 6.7 52.3
!A11 samples collected on September 19, one month prior to harvest.
2Boron was applied at the rate of one pound per acre, as sodium tetraborate,
20.5% B.
3Fruiting forms did not include seed or lint.
TABLE 6.—The relationship between hot-water-extractable soil boron, the boron con-
tent of cotton leaves, and certain chemical properties of the soils
Soil boron (X)
Plant and soil Correlation coefficients Prediction
properties (Y) r equations
Boron content of leaves 0.690** 47.6 Y = 1.5 + 130.6 X
Per cent increase in leaf-
boron resulting from
applied boron -0.440** 19.4
Soil Properties:
Cation exchange capacity 0.430** 18.5
Per cent base saturation 0.494** 24.4 X = -0.03 + 0.005 Y
Soil reaction 0.662** 43.8 X = -0.44 + 0.12 Y
Organic matter 0.099 1.0
Extractable phosphorus 0.576** 33.2
Extractable calcium 0.724** 52.4
Extractable magnesium 0.748** 56.0
Extractable potassium 0.292* 8.5
Extractable sodium 0.061 0.4
•Significant at the 5% level.
Significant at the 1% level.
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A significant positive correlation (0.690) was obtained between the
boron content of cotton leaves and the native boron content of soils. This
relationship is illustrated in Figure 1. The boron content of the leaves
was a fairly reliable indicator of the soil's ability to supply boron to the
plant. The concentration of boron in cotton leaves was approximately
130 times the content of hot-water-extractable soil boron.
A significantly negative relationship, r = —0.440, was calculated be-
tween the native boron content of the soil and the per cent increase in
the boron concentration of cotton leaves resulting from the application of
boron. The application of boron increased the boron content of the leaves
of cotton plants growing on all soils. However, as the boron content of
the soil increased, the percentage increase in the boron content of the
leaves declined.
The correlation coefficients presented in Table 6 indicate that there
were significant positive relationships between hot-water-extractable soil
boron and cation exchange capacity, per cent base saturation, and soil
reaction. Increases in the cation exchange capacity, per cent base satura-
tion, and soil reaction were accompanied by increases in the boron con-
tent of the soils under investigation.
The relationships between hot-water-extractable soil boron and the
per cent base saturation or soil reaction are illustrated in Figures 2 and 3.
0 10 20 30 40 50 60 70 80
Leaf Boron
t
ppm . ( Y )
FIGURE 1.—The effect of hot-water-extractable soil boron on the boron content of
cotton leaves.
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There was no statistical relationship between hot-water-extractable
soil boron and organic matter. This is contrary to the findings of Ander-
son and Boswell (2), Kowalczuk (18), and Wear (40), who reported sig-
nificant associations between soil boron and organic matter. Most of
the soils used in this investigation were consistently low in organic mat-
ter, and this chemical soil property was not associated with the content of
soil boron.
Significant positive relationships were also calculated between soil
boron and extractable phosphorus, calciumASnagnesium, and potassium
(Table 6). The data in Table 2 indicate that many of the alluvial soils of
the Mississippi and Red rivers contained high amounts of phosphorus
and cations, as well as inordinately high amounts of water-soluble boron,
while the Coastal Plain soils, the Mississippi Terrace soils, and alluvial
soils of the Ouachita River and distributaries of the Arkansas River
tended to have lower contents of these plant nutrients. The correlation
coefficients calculated between soil boron and extractable phosphorus,
calcium, magnesium, and potassium do not appear to show a cause and
effect relationship.
The distribution of hot-water-soluble boron at varying depths in the
Hebert very fine sandy loam, the Yahola very fine sandy loam, and the
Norwood silt loam is presented in Figure 4.
0.1 1
30 40 50 60 70 80 90 100
Base Saturation, %.(y)
FIGURE 2—The relationship between hot-water-extractable soil boron and the per
cent base saturation of soils.
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FIGURE 3.—The relationship between hot-water-extractable soil boron and soil reac-
tion.
Hot - Water - Extractable Boron
,
ppm
0 .2 .4 .6 0 2 4 6 0 .2 .4 .6
Hebert vfsl Yahola vfsl Norwood si I
FIGURE 4.—The distribution of hot-water-extractable boron in three soils.
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The Hebert soil, experiment number 26, contained a relatively low
amount of hot-water-soluble boron, 0.2 ppm or less, throughout the soil
profile. A highly significant increase of 726 pounds of seed cotton per
acre was obtained from applied boron on this soil. The Yahola soil, ex-
periment number 36, contained approximately 0.3 ppm of boron to a
depth of 30 inches. From the 30- to 60-inch depth there was a progressive
increase in the content of hot-water-soluble boron in the Yahola soil.
A yield response to applied boron was not obtained on this soil. The
surface soil of Norwood silt loam, experiment number 46, contained
0.6 ppm of hot-water-soluble boron. Relatively high amounts of soluble
boron were present in the Norwood soil to a depth of 60 inches. The
application of boron to the Norwood soil resulted in a yield reduction of
223 pounds of seed cotton per acre.
The alluvial surface soils of the Red River used in this investigation
contained from 0.23 ppm to 0.60 ppm of hot-water-soluble boron. The
application of boron resulted in reduced yields of cotton on 60 per cent
of the soils. The larger reductions in yield occurred on soils containing
the higher amounts of hot-water-soluble boron.
Summary and Conclusions
During a five-year period (1963-1967) 59 field experiments with boron
on cotton were conducted at 49 locations in Louisiana to determine the
effects of applied boron on the yield and on the boron concentration of
cotton leaves. Attempts were also made to relate the boron contents of
the soils and plant tissue with certain chemical soil properties. From the
data obtained over a five-year period, the following conclusions were
drawn.
1. There was a significant increase in yield of cotton from the appli-
cation of boron at three of 49 experiment locations. Increased yield re-
sulting from the application of boron occurred on Hebert and Pulaski
very fine sandy loam in Morehouse Parish and on Gilead sandy loam in
Lincoln Parish. The hot-water-extractable soil boron content of each of
these soils was 0.19 ppm. This concentration of soil boron was consid-
ered to be critically low for cotton. However, the boron content of the
surface soils was not the only criterion for predicting a response by cotton
to applied boron. The hot-water-soluble boron content of the subsoil
should also be considered.
2. The boron content of all of the soils ranged from 0.12 ppm to
0.60 ppm, with an average of 0.31 ppm. The alluvial soils of the Mis-
sissippi and Red rivers contained the higher amounts of hot-water-
extractable boron, while the boron content of soils of the Coastal Plain
and Mississippi Terrace and alluvial soils of the Ouachita River and
distributaries of the Arkansas River were lower.
3. The boron concentration of the top-mature cotton leaves on
plants growing on soils that did not receive an application of boron
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ranged from 7.2 ppm to 111.4 ppm. The concentration of boron in the
cotton leaves, below which a response to boron would be expected, ap-
peared to be about 15 ppm. The application of one pound of boron per
acre increased the boron concentration of the leaves of cotton plants
growing on all of the soils. The increase in the boron concentration of
the cotton leaves resulting from the application of boron ranged from
2.3 per cent to 191.7 per cent, with an average of 30.5 per cent.
4. There was a highly significant relationship (r = 0.69) between
hot-water-extractable soil boron and the boron concentration of the cot-
ton leaves. There were also significant positive relationships between
hot-water-extractable soil boron and cation exchange capacity, per cent
base saturation, soil reaction, and dilute-acid-extractable phosphorus,
calcium, magnesium, and potassium. The correlation coefficients between
hot-water-extractable soil boron and organic matter and extractable so-
dium were not significant. The correlation coefficients calculated did not
appear to show a cause and effect relationship.
5. A reduction in the yield of cotton resulting from the boron appli-
cation was obtained in nine of the 15 experiments conducted on alluvial
soils of the Red River. The content of boron in these soils ranged from
0.23 ppm to 0.60 ppm. The larger yield reductions attributed to the boron
treatment occurred on soils containing the higher amounts of hot-water-
extractable boron.
6. There does not appear to be a critical need for supplementary
boron fertilization of cotton in Louisiana. However, there are some soils
in the Coastal Plains and in the floodplain of the Ouachita River and
distributaries of the Arkansas River where a yield response to applied
boron may be obtained.
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